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"SUPPORT FRAME FOR EMBOUC PROTECnON DEVICE" 

This invention relates to a filter element for a transcatheter embolic protection 
device. 

5 

15 Introduction 

The invention is particularly concerned with filter elements for transcatheter 
emboUc protection devices of the type described in our previously fUed PCX 
Patent AppUcation No. PCT/IE98/00093 the. contents of which are incorporated 
herein by reference. One type of such embolic filter essentially comprises a filter 
body mounted on an associated collapsible support fi-ame which can be collapsed 
25 against the guide wire by means of a catheter for deployment of the filter through 

a patient's vascular system. Upon retraction of the catheter the support frame and 
15 filter body expand outwardly from the guidewire across a blood vessel within 
which the filter is positioned to filter blood flowing through the blood vessel. 

30 

The support structure is generally of shaped memory material such as nirinoi 
which provides the circumferential pressure on expansion to secure the filter 
35 20 bodies in a close fit within the vessel. When the filter element is being puUed 

through a small diameter conduit or opening, there are certain forces exerted on 
the support frame. The first is on entry of the proximal end into the tube and 
when the whole of the proximal end has been inserted into the mbe and tiie distal 
end is about to be inserted into the catiieter tube. Considerable loading forces are 
25 generated which in some cases require considerable retraction forces to overcome. 
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The present invention is directed towards overcoming this problem. 
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Statements of Invention 

According to the invention there is provided an embolic protection device 
comprising: 

a collapsible filter element for delivery through a vascular system of a 
patient; 

the filter being movable between a collapsed stored position for movement 
through the vascular system, and an expanded position for occluding a 
blood vessel such that blood passing through the blood vessel is delivered 
through the filter element; 

the filter element comprising a collapsible filter body and a filter support 
firame; 

the collapsible filter body having an inlet end and an outlet end, the inlet 
end of the filter body having one or more inlet openings sized to allow 
blood and embolic material enter the filter body, the outlet end of flie filter 
body having a plurality of outlet openings sized to allow through passage 
of blood but to retain undesired embolic material within the filter body; 

the filter support frame being movable between a collapsed position for 
movement through the vascular system and an extended outwardly 
projecting position to support the filter body in the expanded position; 

characterised in that 

the filter support frame comprises a plurahty of support elements, some of 
the support elements providing support for a first portion of the filter body 
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and others of the support elements providing support for a second portion 
of the filter body. 

In a preferred embodiment of the invention the first portion is a proximal portion 
of the filter body which is supported by proximal support elements. 

In one embodiment of the invention the second portion is a distel portion of the 
filter body which is supported by distal support elements. 

The proximal support elements preferably comprise a plurality of proximal 
support arms. Preferably there are three substantially equi-spaced proximal 
support arms. 

Preferably the distal support elements comprise a plurality of distal support arms. 
15 Preferably there are three substantially equi-spaced distal support arms. 

ttn#>f Desoiptio Ti pf the Drawings 



The invention will be more clearly understood by the following description of 
35 20 some of the embodiments thereof, given by way of example only, with reference 

to the accompanying drawings, in which: - 



Fig. 1 is partially sectioned elevational view an embohc protection device; 

25 Fig. 2 is a schematic sectional elevational view of the embohc protection 

device of Fig. 1; 

Fig. 3 is a detail sectional view of portion of the device of Fig. 1; 
30 Fig. 4 is a longiwdinal cross sectional view of the device of Fig. 1; 
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Fig. 5 is a cross sectional view of a distal end of the device of Fig. 1; 



Fig. 6 is a view on the line A-A in Fig. 5; 

Fig. 7 is a perspective view of a filter body of the device of Figs. 1 to 6; 

Fig. 8 is a side clevational view of the filter body of Fig. 7; 

Fig. 9 is a view on a proximal end of the filter body; 

Fig. 10 is a perspective view of a suppon firame of the device of Figs. 1 to 6; 

25 Fig. 1 1 is a side elevational view of the support firame; 

j5 Fig. 12 is a perspective view illustrating the manufacture of the support 

firame; 
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Fig. 13 is a view of the support fi:ame and filter element assembly; 



35 20 Fig. 14 is a longitudinal CToss sectional view ofa filter element according to 

the invention; 



Fig. 15 is a longitudinal aoss sectional view a support fi-ame of the filter 
element of Fig. 14; 



Fig. 16 is a aoss sectional on the line m-III of Fig. 15; 
Fig. 17 is a cross sectional view on the line IV-IV of Fig. 15; 
3Q Fig. 18 is a cross sectional view on the line V-V of Fig. 15; and 
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Fig. 19 is a longitudinal ctoss section view of another support frame. 
ni>tAilPd Description 

Referring to Figs. 1 to 13 there is illustrated an embolic protection device as 
desaibed in our co-pending Application PCT/IE98/00093 indicated generaUy by 
the reference number 100. The device 100 has a guidewire 101 with a proximal 
end 102 and a distal end 103. A tubular sleeve 104 is slidably mounted on the 
guidewire 101. A collapsible filter 105 is mounted on the sleeve 104» the filter 105 
being movable between a collapsed stored position against the sleeve 104 and an 
expanded position as shown in the drawings extended outwardly of the sleeve 104 
for deployment in a blood vessel. 

The sleeve 104 is slidable on the guidewire 101 between a pair of spaced-apart end 
stops, namely an inner stop 106 and an outer stop which in this case is formed by 
a spring tip 107 at the distal end 103 of the guidewire 101. 

The filter 105 comprises a filter body 110 mounted over a collapsible support 
ft-ame 111. The filter body 1 10 is mounted to the sleeve 104 at each end. the body 
110 being rigidly attached to a proximal end 112 of the sleeve 104 and the body 
110 being attached to a collar 115 which is slidable along a distal end 114 of the 
sleeve 104. Thus the distal end of the body 110 is longitudinally slidable along the 
sleeve 104. The support fi-ame 111 is also fixed at the proximal end 112 of the 
sleeve 104. A distal end 116 of the support frame 1 11 is not attached to the sleeve 
104 and is thus also free to move longitudinally along the sleeve 104 to facilitate 
collapsing the support frame 111 against the sleeve 104. The support frame 111 is 
such that it is naturally expanded as shown in the drawings and can be collapsed 
inwardly against the sleeve 104 for loading in a catheter 1 1 8 or the like. 

The filter body 105 has large proximal inlet openings 117 and small distal outlet 
openings 119. The proximal inlet openings 1 17 allow blood and embolic material 
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to enter the filter body, however, the distal oudet openings 119 allow through 
passage of blood but retain undesired embolic material within the filter body. 

An olive guide 120 is mounted at a distal end of the sleeve 104 and has a 
cylindrical central portion 121 with tapered ends 122. 123. The distal end 122 
may be an arrowhead configuration for sraoodi transition between the catheter 
and oUve surfaces. The support firame 111 is shaped to provide a circuniferential 
groove 125 in the filter body 110. If the filter is too large for a vessel, the body 
may aease and this groove 125 ensures any crease does not propagate along the 
filter. 

Enlarged openings are provided at a proximal end of the filter body 110 to aUow 
ingress of blood and embolic material into an interior of the body 1 10. 

In use. the filter 105 is mounted in a collapsed state within a distal end of the 
catheter 118 and deHvered to a deployment site. When die filter is correcdy 
positioned the catheter 118 is retracted allowing the support firame 111 to expand 
expanding the filter body 110 across the vessel in which the filter is mounted. 
Blood and emboU can enter the enlarged openings at a proximal end of the filter 
body 110. The blood wiU pass through the net wall, however, the openings or 
pores in the net are sized so as to retain the embolic material. After use the 
catheter is deUvered along the guidewire 101 and slid over the filter 105 engaging 
the proximal inlet end 112 first to dose the openings and then graduaUy coUapsing 
the filter body against the sleeve 104 as the catheter 118 advances over the filter 
105. Once the filter 105 is ftdly loaded in the catheter 118. it can then be 
withdrawn. 

It will be noted that a proximal end of the filter is fixed and a distal end of the 
filter is longimdinany movable along die sleeve to facilitate coUapsing of die filter 
body. 
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Further, the catheter engages the proximal end of the filter body first thus closing 
the filter body inlet and preventing escape of embolic material from the filter body 
as the filter body is being collapsed. 



5 The outer filter body 110 is preferably of a resQient biocompatible elastomeric 
i5 material. The material may be a polyurethane based material. There are a series 

of commercially available polyurethane mateirials that may be suitable. These are 
typically based on polyether or polycarbonate or silicone macroglycols together 
with diisocyanate and a diol or diamine or alkanolaraine or water chain extender. 
10 Examples of these are desaibed in EP-A-46r;375 and US 5,621. 065. In addition, 
polyurethane elastomers manufactured from polycarbonate polyols as described in 
US 5.254,622 (Szycher) are also suitable. 



The filter material may also be a biostable polycarbonate urethane article an 
15 example of which may be prepared by reaction of an isocyanate, a chain extender 
and a polycarbonate copolymer polyol of alkyl carbonates. This material is 
described in our co-pending PCT AppUcation No. IE98/00091, filed November 9, 
1998, the entire contents of which are incorporated herein by reference. The filter 
material may be manufacmred from a block and cut into a desired shape. 
20 However the filter is preferably formed by dipping a rod of desired geometry into 
a solution of the material which coats the rod. The rod is then dissolved. The 
final geometry of the filter may be determined in the dipping step or the final 
geometry may be achieved in a finishing operation. TypicaUy the finishing 
operations involve processes such as mechanical machining operations, laser 
25 machining or chemical machining. 
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The filter body is of hollow construction and is formed as described above by 
dippmg a rod in a solution of polymeric material to coat the rod. The rod is then 
dissolved, leaving a hoUow body polymeric material. The rod may be of an 
acryUc material which is dissolved by a suitable solvent such as acetone. 
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The polymeric body thus formed is machined to the shape iUustratcd in Figs. 1 to 
13. The final machined filter body comprises an inlet or proximal portion 210 
with a proximal neck 212, and outlet or distal portion 213 with a distal neck 214, 
and an intermediate portion 215 benveen the proximal and distal portions. 

The inlet holes 117 are provided in the proximal portion 210 which allow the 
blood and embolic material to flow into the filter body. In this case the proximal 
portion 210 is of generally conical shape to maximise the Hole size. 

The intermediate portion 215 is also hoUow and in this case is of generally 
cylindrical construction. This is important in ensuring more than simple point 
contact with the surrounding blood vessel. The cylindrical structure allows the 
filter body to come into soft contact with the blood vessel to avoid damaging the 
vessel wail. 

The intermediate portion 215 is provided with a radial stiflfening means, in this 
case in the fonn of a radial strengthening ring or rim 220. The ring 220 provides 
localised stiffening of the filter body without stiffening the material in contact with 
the vessel. Such an arrangement provides appropriate strucniral strength so that 
line apposition of the filter body to the vessel wall is achieved. It is expected that 
other geometries of stiffening means will achieve a similar result. 

The nibular intemediate portion 215 is also important in maintaining the stability 
of the filter body in situ to retain captured emboli and to ensure that flow around 
the filter is minimised. For optimum stability we have found that the ratio of the 
axial length of the intermediate portion 215 of the filter body to the diameter of 
the intermediate portion 215 is preferably at least 0.5 and ideally greater than 1.0. 

The coUapsible suppon frame 111 has four foldable arms 290 which are collapsed 
for deployment and upon release extend outwardly to expand the filter body 110. 
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The support frame 1 1 1 can be manufactured from a range of metallic or polymeric 
components such as a shape memory alloy like nitinol or a shape memory 
polymer or a shaped stainless steel or metal with similar properties that will 
recover from the deformation sufficiently to cause the filter body 110 to open. 

5 

The support frame may be formed as illustrated in Fig. 12 by machining slots in a 
mbe 291 of shape memory alloy such as nitinol. On machining, the unslotted 
distal end of the tube forms a distal collar 293 and the unslotted proximal end of 
the tube forms a proximal collar 294. In use, the distal coUar 293 is slidably 
20 moveable along the tubular sleeve 104 which in mm is slidably mounted on the 

guidewire 101 for deployment and retrieval. The proximal coUar 294 is fixed 
relative to the tubular sleeve 104. 

25 

To load the filter the sub assembly of the support frame and filter body is pulled 
15 back into the catheter 1 18 to engage the distal stop 107. The support arms 290 are 
hinged inwardly and the distal collar 293 moves forward along the tubular sleeve 
30 104. As the support arms 290 enter the catheter 118 the filter body 110 stretches 

as the filter body coUar 115 sUdes along the njbular sleeve 104 proximal to the 
olive 120. On deployment, the catheter 118 is retraaed proximaDy along die 
20 guidewire 101 initiaUy bringing the collapsed filter assembly with it until it 
engages the proximal stop 106. The catheter sleeve then begins to pull off die 
filter freeing the support arms 290 to expand and the filter body apposes the vessel 
wall. 
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25 For retrieval, a retrieval catheter is introduced by sliding it over the guidewire 101 
untU it is positioned at the proximal end of the filter body and support frame. 
Pulling the guidewire 101 will initiaUy engage the distal stop 107 with the filter 
element and begin to puU it into the retrieval catheter. The initial travel into the 
delivery catheter acts to close the proximal openings of the filter element, thus 
entrapping the embolic load. As the filter continues to be puUed back the filter 
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body and the support frame are enveloped in the retrieval catheter. The collapsed 
filter may then be removed from the patient. 

Referring to Figs. 14 to 18 there is illustrated a support frame indicated generally 
by the reference numeral 30 for a filter 31. 

The filter support frame comprises a plurality of support elements some of which 
provide support for one portion of the filter body 31 and some of which provide 
support for another portion of the filter body 31. In this case there are six suppon 
arms, three arms 20, 21, 22 providing support for a proximal end of the filter body 
31 and three anns 23, 24, 25 providing support for a distal end of the filter body 
31. 

In this way the loading forces are greatly reduced, while at the same time the 
integrity of the filter is maintained. Thus, the filter can be more easily loaded and 
retrieved. 

Referring to Fig. 19 there is illustrated another support frame 40 similar to that of 
Figs. 14 to 18. In this case adequate support is provided while omitting the distal 
coUar 293. This frame 40 is more easily formed and die same principle may be 
applied to other frames as those described above. 

The invention is not limited to the embodiments hereinbefore described which 
may be varied in both construaion and detail. 
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Claims 

1 . An embolic protecrion device comprising: 

a coUapsible filter element for delivery through a vascular system of 
a patient; 

the filter being movable between a coUapsed stored position for 
movement through the vascular system, and an expanded position 
for ocduding a blood vessel such that blood passing through the 
blood vessel is delivered through the filter element; 

the filter element comprising a collapsible filter body and a filter 
support firame; 

the collapsible filter body having an inlet end and an outlet end, the 
inlet end of the filter body having one or more inlet openings sized 
to aUow blood and embolic material enter the filter body, die outlet 
end of the filter body having a plurality of outlet openings sized to 
allow through passage of blood but to retain undesired embolic 
material within the filter body; 

the filter support fi*ame being movable between a collapsed position 
for movement through the vascular system and an extended 
outwardly projecting position to support the filter body in die 
expanded position; 

characterised in that 

the filter support frame comprises a plurality of support elements, 
some of the support elements providing support for a first portion of 
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the filter body and others of the support elements providing support 
for a second portion of the filter body. 



2. An embolic protection device as claimed in claim 1 wherein the first 
5 portion is a proximal portion of the filter body which is supported by 

^5 proximal support elements. 

3. An emboUc protection device as chimed in daim 1 or 2 wherein the 
second portion is a distal portion of the filter body which is supported by 

20 

10 distal support elements. 

4. An embolic protection device as claimed in daim 2 or 3 wherein the 
25 proximal support elements comprise a plurality of proximal support arms. 

15 5. An embolic protection device as daimed in claim 4 wherein there are three 
substantially equi-spaced proximal support arms. 

30 

6. An embolic protection device as daimed in any of daims 3 to 5 wherein 
the distal support elements comprise a plurality of distal support arms. 

7. An embolic protection device as daimed in daim 6 wherein there are three 
substantially equi-spaced distal support arms. 

''^ 8^ An embolic protection device substantiaUy as hereinbefore described with 

25 reference to the accompanying drawings. 

45 



20 



50 



55 



wo 00/67665 



PCT/IE99/00035 




SUBSTrrUTE SHEET (RULE 26) 



wo 00/67665 



3/9 



PCT/IE99/00035 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 



4/9 



PCT/IE99/00035 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 



5/9 



PCT/IE99/00D35 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 



6/9 



PCT/IE99/00035 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 PCT/IE99/00035 

7/9 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 



8/9 



PCT/IE99/00035 




SUBSTITUTE SHEET (RULE 26) 



wo 00/67665 



9/9 



PCT/IE99/0003S 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



imeriiNUonai ApptiotiQn No 

PCT/IE 99/00035 



A. CLASSIFICATION OF,SUBJECT MATTER 

IPC 7 A61F2/01 



Accoffling 10 Inf malionai Patent C'assiltMtQn <IPC) or ;o boih naoonai ciasaificBlion anci IPC 



I. FiemS SEARCHED 



Minimum doemMMation Marcn«<l (classification system toBowod by classriicalnn symbols) 

IPC 7 A61F 



Oocumantauon saardtAd othor than minimum aocumantaiion lo tha ajitant mat sucn documanis ara inckjdad In tha fiaios saarched 



Etaetmnic data basa coraultsd during tha tnamatlonal taarcn (nama of data basa and. wnara practical, saaraft tarms usad) 



C. DOCUMENTS COWSIOEREO TO BE RELEVANT 



Catagofv ' Cftat»n ot document, with indication, wnara appropnata. of tha ralavant passages 



Raiavara to daim No. 



WO 99 16382 A (CARDEON CORPORATION) 

8 April 1999 (1999-04-08) 

page 24. line 23 -page 25, line 4; figure 

30 

WO 98 39053 A (SCIMEO LIFE SYSTEMS. INC.) 
11 September 1998 (1998-09-11) 
abstract; figures 



□ 



Fulhar decumanu af a islad in tha continuation of tox C. 



[D 



Patsm finnry rramtiars are Ostad in annex. 



' Special catesonsft ot cited aecumenis : 

'A* document defining the general stata cl tha an wnlch not 

conaidand to be of paitieuiar relevance 
*E' vanior oocumoni but publlslwa on or aftBr the intamationat 

tiing dat» 

V document wt^ich may throw doutits on pnonty claimot or 
wnicn IS ated to asiaclish the piiilicatian cate o< another 
cttlion or other spaeiaf raaaon (as epeaflad) 

-O* document raterring lo an oral disctosura. use. exhfaiban or 

ctner means 

*P' document put>iished piior to the bvamatlonal filing data but 
(ater than the phomy date claimed 



1' laterdocumampubiishad after the intamailonai filing data 
or priority dale and not m conltict wtti tha appHcaiion but 
ctad to understand tha pnnwpla or theory widartying the 
invention 

"X" document ot paiticutar relevance: the ctaimad mvertion 
canmt be coraidersd novsl or canmi be considered :o 
involve an tnvemiw* step whan iha documenl is takan aJone 

"Y" document Of panicuiar re lovance; the claimed invamion 
cannol oa conaidersd to tnvoiva an mvantNa step wnen lha 
document is combined with one or mora ottiar such daeu- 
ments. such combination being obvious to a parson sKlBad 
in (he arL 

*&" document member of the same patent (arruty 



Date ol the aduai completton ot the international searcn 



28 December 1999 



Date of mailing of lha international searcn report 



14/01/2000 



Name ana mailing addrass oi tfie ISA 

European Patent Otflca. P.B. 5818 Patantlaan 2 

NL>22aOHVfl9swilk 

TeL (*31-701 340-2040. Ta. 31 851 epo rt. 

Fax: (^1-70) 340-3018 



Authorized odlcer 



Smith, C 



Fvm PCTdSA.'StO (Sacend Mat) (Aiy 



(niemadonaj application No. 



INTERNATIONAL SEARCH REPORT 



PCI/ IE 99/00035 



Box 1 Observations vimere certain ctalms were faund unsearchable (Continuation of Item 1 of first sheet) 



This International Search Rapoa has not been established in respect or cenain claims under Artirte t7(2)(a) tor the following reasons: 



because they relate to pans ot the Intemational Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specificall/: 

Rule 6.2(a) PCT 



3. I I Claims Nos.: 

because they are dependent caims and are not drafted in accordance with the second and third sentences of Rule 6.4(a}. 



Box II Observations where unity of invention Is iaclcing (Continuation of Item 2 of first sheet) 



This lnismatx)nal Searching Auttionty found muufple inventions in this intemational applicadon. as follows: 



1 . I I As afl required additional search fees were timely paid by the appficant. this fntsmaiional Search Report covers all 
' — ' searchable claims. 



2. [ As all searchable claims could be saarcnsd without efton justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intematicnal Search Report 
' — ' covers only those claims (or which fees were paid, specificany claims Nos.: 



4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Repon is 
restncted to the invention lirst mentioned in the claims: it is covered by d^ms Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 




because Ihey relate to subject matter not required to be searched by this Authority, namely: 




8 




No protest aooompanied the payment of additional search lees. 



Form PCT<1SA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 

imrormatton en |m«mI family iiMmlMrt 



^ lnwn««ional AppUcatlon Mo 

PCT/IE 99/00035 



Patsm document 




Publication 




Patent tamily 


PubUcation 


citad in sear<^ report 




date 




membercs} 


data 


WO 9916382 


A 


08-04-1999 


AU 


9321498 A 


23-04-1999 


UO 9839053 


A 


U-09-1998 


US 


5827324 A 


27-10-1998 






EP 


0934092 A 


11-08-1999 



f9m PCTASA«10 (pUMH iMnly ■nn«i| (July 1992) 



